Introduction
The taxonomy of dinoflagellate cysts for the Pliocene and Pleistocene has undergone progressive refinement in recent years (e.g. Versteegh & Zevenboom 1995; Head 1996 Head , 1997 Head , 2003a Head & Westphal 1999; Head & Norris 2003; De Schepper et al. 2004; Head et al. 2004) . Acritarch taxonomy is less well developed for the Cenozoic, although the biostratigraphical value of small acritarchs in the Pliocene and Pleistocene is becoming increasingly recognised, especially for the higher latitudes of the North Atlantic (e.g. de Vernal & Mudie 1989a,b; Head 2003b; Head & Norris 2003) .
The present study describes three new dinoflagellate cyst taxa and three new acritarch species from Deep Sea Drilling Project (DSDP) Hole 610A, drilled in the subpolar eastern North Atlantic. It highlights, in particular, the biostratigraphical value of small acritarchs in the higher latitudes of the North Atlantic and adjacent seas. The study is part of a larger investigation into the palynology of DSDP Hole 610A (De Schepper 2006) . This hole was chosen for the completeness of its sedimentary record, relatively high sedimentation rates and independent age control (Shipboard Scientific Party 1987; Kleiven et al. 2002) .
DSDP Hole 610A
DSDP Hole 610A (53 • 13.297 N, 18 • 53.213 W; water depth, 2417 m) is located approximately 700 km due west of Ireland on the Feni Drift at the south-western edge of the Rockall Trough (Fig. 1) . The hole was drilled in 1983 on the crest of a sediment wave on the Feni Drift, as part of DSDP Leg 94. This major sediment drift is nearly 600 km in length, up to 700-1000 m thick and is characterised by rapid sedimentation controlled by bottom currents. It has been accumulating since Oligocene or Miocene time (Shipboard Scientific Party 1987) or possibly as early as the Eocene . This hole was chosen specifically for its excellent core recovery (95%), absence of hiatuses and high sedimentation rates (Shipboard Scientific Party 1987) . The accumulation rate during the Pliocene and Quaternary is high and fairly constant, with rates approximating 5 cm/kyr (Shipboard Scientific Party 1987) . Moreover, Hole 610A has detailed and independent age control based on magnetostratigraphy for the entire section and marine isotope stratigraphy for the time interval between 3.6 and 2.4 Ma (Kleiven et al. 2002) . Baldauf et al. (1987) combined the available palaeontological data (nannofossils, planktonic foraminifera and diatoms) with the magnetostratigraphy for the core. This interpretation has largely been followed, except for the lower part of the core, where evidence from calcareous nannofossils, dinoflagellate cysts and a reappraisal of the magnetostratigraphical datums has led to the construction of a new age model (De Schepper 2006; unpublished data) . This age model is adopted in the present study, where it provides an interpolated age for every biostratigraphical datum.
Materials and methods

Samples
A total of 102 samples were analysed for biostratigraphy from the Lower Pliocene through lowermost Middle Pleistocene of DSDP Hole 610A, covering ca. 170 m (199.11-28.71 mbsf) . One sample from each section of core was taken between sections 610A-21-6 and 610A-4-1, providing an average sampling interval of ca. 1.5 m. Additional samples were taken for taxonomic purposes at selected intervals in the lower part of the hole.
Methods
Samples of ca. 25-30 cm 3 volume were cleaned with a knife to remove any modern microbial growth and other contamination and oven dried at ca. 50
• C. The sediment was then weighed and one or more Lycopodium clavatum tablets were added to each sample to determine palynomorph concentrations. Standard chemical treatment was followed: cold 20 vol% HCl, cold 48-52% HF, a second 20 vol% HCl treatment to remove any fluosilicates and intermediate and final washes in deionised H 2 O prior to sieving on a Nitex TM nylon screen at 10 µm. No oxidation or alkali treatments were used. Samples from sections 610A-21-6 to 610A-8-1 were prepared by M.J.H. at the University of Toronto. They received 30-45 s of ultrasonic treatment to break up flocs of amorphogen and were mounted on microscope slides using cellosize and elvacite. This mounting medium has the advantage of being permanent, but the interface between the cellosize and elvacite was occasionally found to obscure the palynomorphs. Samples from sections 610A-7-6 to 610A-4-1 were prepared by S.D.S. at the University of Cambridge (England). The resulting residues received no ultrasound and were mounted using glycerine jelly.
A Leica DMLB microscope equipped with differential interference contrast optics was used for analyses. Microscope slides were scanned along non-overlapping traverses under a 40× objective and acritarchs and dinoflagellate cysts were counted until at least 300 dinoflagellate cysts had been enumerated (Fig. 2) . After reaching this number, the remainder of the slide was searched for rare species using a 20× objective. Detailed morphological analysis of dinoflagellate cysts and small acritarch species was undertaken using a 100× objective.
Most photomicrographs were taken on a Leica DMR microscope with a Leica DC300 or DFC490 digital camera. Selected photomicrographs were taken on a Zeiss Axioplan 2 microscope with a digital MRc5 Zeiss camera at the Palaeontology Research Unit of Ghent University, Belgium. Scanning electron microscopy was also performed there on selected samples to elucidate the taxonomy of several small acritarchs and dinoflagellate cysts. Residue was mounted on a circular glass slide, which was attached to a metal stub using carbon stickers. Stubs were coated with gold using a Bal-Tec MED 010 Planar-magnetron Sputtering Device. The distance between the stub surface and the gold sputtering head was set at 5.2 cm. A gold coating of about 15 nm was applied. The scanning electron microscope (SEM) used was a JEOL 6400. Pictures were acquired digitally using Noran Vantage software.
The ATNTS2004 timescale of Lourens et al. (2004) is used throughout.
Repository
All microscope slides containing holotypes and other figured specimens are housed in the Invertebrate Section of the Department of Palaeobiology, Royal Ontario Museum, Toronto, Ontario, under the catalogue numbers ROMP 57983-57996.
Systematic palaeontology
Dinoflagellate cysts
Division DINOFLAGELLATA (Bütschli, 1885 ) Fensome et al., 1993 Subdivision DINOKARYOTA Fensome et al., 1993 Class DINOPHYCEAE Pascher, 1914 Subclass PERIDINIPHYCIDAE Fensome et al., 1993 Order GONYAULACALES Taylor, 1980 Suborder GONYAULACINEAE (Autonym) Family GONYAULACACEAE Lindemann, 1928 Subfamily CRIBROPERIDINIOIDEAE Fensome et al. 1993 Genus OPERCULODINIUM Wall, 1967 emend. Matsuoka et al., 1997 Operculodinium? eirikianum Head et al., 1989b emend. Head, 1997 
G I L B E R T (p a r s)
Figure 2
Stratigraphic distribution of new dinoflagellate cyst and acritarch taxa from DSDP Hole 610A and calibration of their ranges to magnetostratigraphy ETYMOLOGY. Latin crebrum, thick, pressed together; with reference to the thick wall of this variety.
REMARKS. The greater thickness of the central body wall alone distinguishes this variety from Operculodinium? eirikianum var. eirikianum (autonym): the luxuria on Operculodinium? eirikianum var. eirikianum is between about 0.5 and 1.0 µm (Head 1997) , although thicknesses up to 1.5 µm have also been recorded (Head et al. 1989b ; this study). In addition, the average process length (9-12 µm) appears slightly longer than for Operculodinium? eirikianum var. eirikianum (5-10 µm in Head et al. 1989b; 4-9.5 µm in Head 1997) . Operculodinium? eirikianum var. crebrum differs from Filisphaera filifera Bujak, 1984 emend. Head, 1994 in possessing processes.
and higher) and to calcareous nannofossil (Takayama & Sato 1987) and planktonic foraminiferal biostratigraphy . The magnetostratigraphy below the Piacenzian is considered questionable (De Schepper 2006) . The time scale (including boundary ages) follows Lourens et al. (2004) and calibrated ages are updated from De Schepper (2006) . The raw counts of each taxon are given, and a cross (+) indicates the presence of a taxon outside the regular counts.
Plate 1
Operculodinium? eirikianum var. crebrum var. nov. All images in bright field, except where indicated. AUTECOLOGY. Operculodinium? eirikianum is generally considered a cold-intolerant species found in middle to high latitudes (Head 1993 (Head , 1997 DIAGNOSIS. A small suturocavate Impagidinium species with smooth inner wall, spherical to subspherical central body and incomplete tabulation. Shagreenate to finely granulate tegillum forms crests locally of even height, but lower towards apex and higher towards antapex. Crests absent or weakly expressed on dorsal surface along posterior cingular margin; no crests within sulcus.
OCCURRENCE. Latest Pliocene through Middle Pleistocene of Hole 610A (Fig. 2) , with a lowest occurrence in sample 610A-11-1, 49-54 cm, in the Olduvai Subchron (C2n), calcareous nannofossil zone NN19, planktonic foraminifer zone PL6-N22, at ca. 1.86 Ma. It occurs infrequently and in low abundance (<3% of total assemblage) until just before the Jaramillo Subchron (0.99-1.07 Ma) and from then onwards becomes more common (3-10%) and peaks (13% in sample 610A-5-5, 52-54 cm) at ca. 0.82 Ma just before the Bruhnes/Matuyama boundary. It has a highest occurrence in the highest sample processed from Hole 610A, which is of Middle Pleistocene age and dated at 0.53 Ma.
Also recorded from the Early and Middle Pleistocene of Zakynthos Island, Greece and from the Early (post-Jaramillo) and Middle Pleistocene of ODP Site 963, offshore Sicily (M. Papanikolaou, pers. comm.).
DESCRIPTION. Central body small and spherical to subspherical, sometimes bearing small, faintly discernible apical protuberance of about 0.5 µm high. Sutural crests partially delimit gonyaulacoid tabulation. Central body comprises two wall layers that are closely adpressed except at bases of sutural crests. Pedium solid, smooth. Matsuoka, 1983 has crests of equal height in apical and antapical areas. Impagidinium velorum Bujak, 1984 has smooth to shagreenate, membranous sutural crests, that are also higher (19-25 µm) and of equal height over the entire cyst.
ETYMOLOGY. Named after the city of Cambridge (Latin, Cantabrigium), where this species was first identified.
AUTECOLOGY. An oceanic cyst, reported from the oceanic realm in the present study (DSDP Hole 610A) and from the deep shelf of the Mediterranean (ODP Site 963 and Zakynthos, Greece; M. Papanikolaou, pers. comm.).
The transition from a warm to cold interval at ca. 0.82 Ma (MIS 20) in Hole 610A is marked by high numbers of Impagidinium pallidum Bujak, 1984 and Nematosphaeropsis labyrinthus (Ostenfeld, 1903 ) Reid, 1974 , the latter becoming the dominant species in the assemblage. Also at this time, Impagidinium cantabrigiense sp. nov. has its highest recorded abundance for Hole 610A and remains abundant during the cold phase. Therefore, Impagidinium cantabrigiense sp. nov. seems related to transitional phases from warm to cold surface waters in open-marine settings, suggesting a preference for cooler conditions.
Subfamily uncertain
Genus MELITASPHAERIDIUM Harland & Hill, 1979 Melitasphaeridium choanophorum (Deflandre & Cookson, 1955 ) Harland & Hill, 1979 Subchron C2An.2n (3.20 Ma), both within the Piacenzian (Middle Pliocene) and within calcareous nannofossil zone NN16 and planktonic foraminifer zone PL3-6 (Fig. 2) . This morphotype has not been reported previously.
DESCRIPTION. A morphotype of Melitasphaeridium choanophorum characterised by a thick (>1.0 µm), perforate central body wall. Central body spheroidal, with wall consisting of thin (<0.3 µm), perforated pedium and thick (1.0-2.0 µm), perforated luxuria that almost form coarse reticulum. Perforations approximately circular in outline, with diameters ca. 1.0-2.0 µm, separated from one another by as much as ca. 1.0 µm. Distribution of perforations slightly irregular; adjacent perforations sometimes adjoined. Circular perforations of pedium appear contiguous with those of luxuria. Perforations of pedium were observed under SEM (Pl. 3, fig. 12 ) and using light microscopy (Pl. 3, fig. 3 Strauss & Lund (1992) . The wall of Melitasphaeridium choanophorum var. A seems unusually thick for this species. The presence of a perforated pedium on a chorate dinoflagellate cyst is unknown to us and would seem to compromise any protective function the cyst wall might confer upon its contents. Perhaps the perforations of the wall are caused by microbial degradation. However, no specimens transitional between Melitasphaeridium choanophorum var. A and the normal morphology of this species were found, even though both morphotypes were recorded in the same samples. In addition, no specimens belonging to other species in the two samples containing Melitasphaeridium choanophorum var. A were found to have suffered microbial degradation. Hence, prima facie evidence suggests that the thick wall and perforated pedium are primary features. However, because microbial degradation cannot be excluded, these specimens are placed in open nomenclature pending further information regarding this unusual morphological feature.
Acritarchs
Genus CYMATIOSPHAERA Wetzel, 1933 (Versteegh 1997) .
In DSDP Hole 646B, Labrador Sea, it has an isolated lowest occurrence in calcareous nannofossil zone NN16 (Piacenzian), it becomes persistently present in the upper part of zone NN16 and has a highest occurrence just above the Gauss/Matuyama boundary at 2.58 Ma de Vernal & Mudie 1989b; Knüttel et al. 1989) .
In the western North Atlantic DSDP Hole 603C, it has a persistent occurrence within the Piacenzian from near the base of the Gauss Chron (within Subchron C2An.3n) to near the top of the Gauss Chron (within Subchron C2An.1n).
In summary, this species is presently known only from the North Atlantic where it is recorded from near the base of the Piacenzian into the lower Gelasian. Rare and questionable occurrences in the Zanclean may require verification. REMARKS. This species differs from all others of the genus Cymatiosphaera in the presence of distally expanded crests and the typical development of small vacuoles and perforations within the crests, especially at the tops of crest intersections. De Vernal & Mudie (1989b) assigned this species to the dinoflagellate cyst genus Nematosphaeropsis Deflandre & Cookson, 1955 emend. Wrenn, 1988 (as Nematosphaeropsis sp. I) in the belief that the wall contained processes linked distally by single trabeculae. It now appears that the 'processes' interpreted by de Vernal & Mudie (1989b) are thickenings of the crests where they intersect and that the single 'trabeculae' are the expanded distal margins of the crests. These intersections impart a rounded appearance to the lumen of the reticulation, so adding to the distinctiveness of this species. This species also shows no evidence of dinoflagellate tabulation.
Genus LAVRADOSPHAERA gen. nov. DIAGNOSIS. Small spheroidal to subspheroidal acritarchs whose vesicle wall comprises a thin, smooth inner layer, a continuous or discontinuous spongy to cancellous middle layer and a thin, continuous outer layer. All layers closely adpressed. Middle and outer layers form crests, ridges or cones or combinations thereof that are spongy to cancellous internally. Pylome polygonal to rounded-polygonal in shape.
ETYMOLOGY. Named with reference to the Labrador Sea where the stratigraphical utility of this genus was first established (de Vernal & Mudie 1989b OCCURRENCE. In DSDP Hole 610A, the lowest occurrence is in sample 610A-21-5, 33-39 cm near the base of the hole and dated at 3.98 Ma (late Zanclean, Fig. 2 ). The highest common occurrence is in sample 610A-16-4, 112-117 cm (3.00 Ma; mid-Piacenzian), in the lower part of Subchron C2An.1n, calcareous nannofossil zone NN16, planktonic foraminifer zone PL3-6 and the Nitzschia jouseae diatom zone. There are four isolated records higher in the hole (Fig. 2) , which probably represent reworking. Even if these occurrences are in place, the highest occurrence (sample 610A-14-5, 78-83 cm, 2.67 Ma; late Piacenzian, where nine specimens were counted) would still fall within Subchron C2An.1n, in calcareous nannofossil zone NN17, planktonic foraminifer zone PL3-6 and the Nitzschia marina diatom zone. The range of Lavradosphaera crista extends from the mid-or late Zanclean to the mid-or late Piacenzian in Hole 610A. In Baffin Bay, ODP Site 645, recorded rarely and sporadically from both the Upper Pliocene ) and middle Upper Miocene through Upper Pliocene or Lower Pleistocene (Anstey 1992) . Labrador Sea, ODP Site 646, occurring rarely in the Lower Pliocene but abundantly in the Middle Pliocene and with a welldefined top about 20 m below the Gauss/Matuyama boundary de Vernal & Mudie 1989b) . Norwegian Sea, ODP Leg 104, from the Upper Miocene through Middle Pliocene with a range top near the top of the Gauss Chron (as Platycystidia sp. 1 in Mudie 1989) . Western North Atlantic, DSDP Hole 603C, from the Upper Miocene (Messinian) through Middle Pliocene (Piacenzian) with a highest common occurrence in the Kaena Subchron, although with rare specimens persisting into the Upper Pliocene or Lower Pleistocene that may represent reworking (M.J.H., unpublished data).
Lavradosphaera crista has a total known range of Upper Miocene through Upper Pliocene or Lower Pleistocene, with a conspicuous range top in the northern North Atlantic within Subchron C2An.1n (3.03-2.58 Ma).
DESCRIPTION. Small acritarch whose wall comprises a thin (<0.3 µm) smooth inner layer of spherical to spheroidal shape, a discontinuous coarsely spongy to cancellous middle layer (3-5 µm) and a thin (<0.3 µm) finely ornamented outer layer. All layers closely adpressed. Outer layer is raised to form intersecting crests, in which middle layer is developed. Vacuoles within spongy middle layer are variable in diameter within an individual specimen and may reach 3.5 µm. Crests run in relatively straight lines over entire vesicle, separating about nine polygonal fields whose size and shape varies within an individual specimen. Crests widest at base and narrow distally. Distal margins of crests irregular and undulations are often drawn into points. Surface of central body is scabrate to granulate, crests have radially striate surface. Pylome always occurs on a large field, is approximately pentagonal with well-defined angles, has thin margins comprising only inner and outer wall layers. Operculum monoplacate and free, occasionally found detached within vesicle (Pl. 5, fig. 15 ). Crest present on operculum.
DIMENSIONS. Holotype: maximum diameter (including crests), 23 µm; central body diameter, 18 µm; crest height, 3.0 µm. Range (minimum, average and maximum measurements are given): maximum diameter (including crests), 18 (22.1) 26 µm; central body diameter, 12 (15.6) 19 µm; maximum crest height, 3 (3.4) 5 µm. Eighteen specimens measured from Hole 610A.
A range in maximum diameter of 12-25 µm has been recorded for specimens from the Labrador Sea and Baffin Bay (de Vernal & Mudie 1989a,b; and 16 (21) 25 µm with a maximum crest height of 4-5 µm for specimens from Baffin Bay (Anstey 1992) .
ETYMOLOGY. From the Latin Crista, crest, which refers to crests on the central body.
REMARKS. The name 'Poculumoides pyxidatum' was not validly described in Anstey (1992) as it was avowedly not intended for effective publication, appearing in an unpublished dissertation.
COMPARISON. Lavradosphaera crista differs from Lavradosphaera lucifer in having a middle wall layer that is discontinuous and a relatively thin vesicle wall bearing intersecting crests that subdivide the acritarch into discrete polygonal fields. OCCURRENCE. Possibly restricted to the Zanclean of Hole 610A, but no clearly defined range top (Fig. 2) . The highest occurrence is accepted as being in sample 610A-18-5, 80-86 cm (at 3.60 Ma) near the Gilbert/Gauss boundary, with two higher occurrences in the Gauss Chron possibly reworked. The highest accepted occurrence is within calcareous nannofossil zone NN16, planktonic foraminifer zone PL3-6 and the Nitzschia jouseae diatom zone. In the Labrador Sea, ODP Site 646, this species ranges from Upper Miocene (mid-Tortonian) to Middle Pliocene where it has a highest occurrence about 15 m below the Gauss/Matuyama boundary de Vernal & Mudie 1989b) . In Baffin Bay, ODP Site 645, it is reported from the Upper Pliocene and from the Upper Miocene or Lower Pliocene through upper Pliocene or Lower Pleistocene (Anstey 1992) . In the northern North Atlantic, DSDP Hole 611, it is recorded from the Upper Miocene through lowermost Middle Pliocene and with an isolated higher record in the Upper Pliocene ). In the western North Atlantic, DSDP Hole 603C, from the Upper Miocene (Messinian) through Middle Pliocene (Piacenzian) with a highest occurrence in Subchron C2An.3n (M.J.H., unpublished data).
Lavradosphaera lucifer
Accepted range is from the Upper Miocene (midTortonian) calcareous nannofossil zone NN10 to lower Piacenzian (Subchron C2An.3n) in DSDP Hole 603C (M.J.H., unpublished data), with higher occurrences possibly representing reworking.
DESCRIPTION. Small acritarch having three closelyadpressed concentric wall layers. Innermost layer is thin (<0.3 µm), smooth and spherical to spheroidal in shape. Middle layer (2.5-5 µm) has loosely spongy to cancellous structure containing vacuoles of variable size up to ca. 4.0 µm. Middle layer much thicker than inner or outer wall layers and varies in thickness over vesicle. Outer layer thin (<0.3 µm) and follows relief of middle layer. Outer surface finely ornamented with submicron-size bumps and undulations and may have smooth areas and scattered small perforations. It forms irregular relief of low, broad-based ridges and cones. Ridges typically rise into cones where they intersect. Relatively large circular to subpolygonal pylome is usually visible. Thick margins of pylome are covered by outer wall layer, which fuses with inner wall layer. Operculum monoplacate and free, sometimes found detached within vesicle (Pl. 6, fig. 18 ).
DIMENSIONS. Holotype: maximum diameter (including crests), 26 µm; maximum diameter central body, 16 µm; maximum crest height, 5 µm; pylome length, 9 µm; pylome width, 7 µm. Range (minimum, average and maximum measurements are given): maximum diameter (including crests), 19 (23.2) 26 µm; maximum diameter central body, 12 (14.7) 17 µm; maximum crest height, 2.5 (4.3) 5 µm. Twenty-three specimens measured. Pylome length, 7 (8.0) 9 µm; pylome width, 4 (5.5) 7 µm; pylome measurements on two specimens only. recorded a maximum diameter of 19 (23.1) 30 µm; Anstey (1992) recorded a maximum diameter of 18 (23) 27 µm; and de Vernal & Mudie (1989a,b) recorded a size of 15-25 µm.
ETYMOLOGY. Named after the Latin Lucifer, the planet Venus in its appearance as the morning star. The species recalls the small spiked ball, also called a 'morning star', that forms the head of a mediaeval weapon.
REMARKS. The name 'Poculumoides multifastigatum' was not validly described in Anstey (1992) as it was avowedly not intended for effective publication, appearing in an unpublished dissertation.
COMPARISON. Lavradosphaera lucifer differs from Lavradosphaera crista in having a continuously thick wall whose surface bears a combination of low ridges and cones.
Discussion
This study formally describes new taxa of dinoflagellate cysts and acritarchs from DSDP Hole 610A and establishes their stratigraphical ranges in this hole and from additional sites in the North Atlantic and adjacent seas. Operculodinium? eirikianum var. crebrum var. nov. is restricted to the Piacenzian (Middle Pliocene) of Hole 610A and it has not been reported from elsewhere. In contrast, Operculodinium? eirikianum var. eirikianum (autonym) is frequently present in the Upper Miocene and Pliocene of the North Atlantic (Head 1997) . The thicker wall that characterises Operculodinium? eirikianum var. crebrum may represent a morphological adaptation in response to changing environmental conditions in the eastern North Atlantic, but there is presently no information from other sites to test this interpretation and no culturing studies on living cysts have yet elucidated the environmental controls on wall thickness in chorate dinoflagellate cysts. Whether this taxon is an ecophenotype or represents an incipient evolutionary branch remains to be determined, but the wall thickness seems sufficiently distinctive and stratigraphically restricted to warrant treatment as a new variety.
The dinoflagellate cyst record of the Late Pliocene (Gelasian) and Pleistocene is marked mostly by the disappearance of taxa and few species have their first appearances in this interval (Williams et al. 2004) . Impagidinium cantabrigiense sp. nov. is an exception at DSDP Hole 610A. This species has a lowest occurrence in the Olduvai Subchron at around 1.86 Ma, occurs sporadically to 1.23 Ma, after which it occurs persistently and becomes an important part of the assemblage shortly before the Bruhnes/Matuyama boundary. Its range top in DSDP Hole 610A has not been established because it is present in the highest sample at 0.53 Ma. However, records from the Early and Middle Pleistocene of the Mediterranean (M. Papanikolaou, pers. comm.) corroborate a latest Pliocene through Middle Pleistocene range.
Melitasphaeridium choanophorum var. A is restricted to two adjacent samples near the top of the Mammoth Subchron (within the Piacenzian, Middle Pliocene) in Hole 610A. This cyst is apparently unique in having a perforated pedium as well as perforations and depressions in the luxuria of the central body surface. Although these features might represent preservational artefacts (borings made by marine microbes), there is no direct evidence from Hole 610A to suggest such an origin.
Small acritarchs are often abundant throughout Miocene and Pliocene deep-ocean sediments of the North Atlantic and adjacent seas and many appear to be in situ representatives of the oceanic flora. Their taxonomic treatment nevertheless remains a significant challenge because of their small size and unknown biological affinities. Small acritarchs have, consequently, been neglected until recently in spite of their evident stratigraphical potential (e.g. de Vernal & Mudie 1989a,b; Head 2003b; Head & Norris 2003) . Three species are newly described and have stratigraphically restricted distributions in Hole 610A and elsewhere.
Cymatiosphaera latisepta sp. nov. (= Nematosphaeropsis sp. I of de Vernal & Mudie 1989b ) is one of the few species restricted to the Piacenzian in Hole 610A, eastern North Atlantic. It occurs relatively abundantly near the Gauss/Matuyama boundary in the Labrador Sea ODP, Site 646 de Vernal & Mudie 1989b 
